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^ (57) Abstract: The invention concerns inhibition of the production of proinflammatoTy cytokine Interleukin-17 (lL-17) by T cells. 

using an antagonist of interieuldn-23 (lL-23). The invention further concerns the use of IL-23 antagonists in the treatment of inflam- 
Q matory diseases characterized by the presence of elevated levels of 11^17. IL-23 antagonists include, without limitation, antibodies 
^ specifically binding to a subunit or IL-17 or an IL-17 receptor. The invention additionally concerns induction of IL-7 production by 
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INHIBrnON OF IL-17 PRODUCTION 

Background of the Inventton 

Field of the Invention 

The present invention concerns inhibition of the production of proinflammatoiy 
5 cytokine mterleukin-17 (IL-IT) by T cells, using an antagonist of interleukin-23 (IL-23). The 
invention further concerns the use of IL-23 antagonists in the treatment of inflammatojr/ 
diseases characterized by the presence of elevated levels of IL-17. 

Description of the Related Art 

10 ILrl7 is a T cell derived pro-inflammatory molecule that stimulates epithelial, 

endothelial and fibroblastic cells to produce other inflammatory cytokines and chemokines 
including IL^, IL-S, G-CSF, and MCP-1 (S. Aggarwal, A. L. Gumey, JLeukoc Biol 71, 1 
(2002); Z. Yao et al.. Immunity 3, 81 1 (1995); J. Kemiedy et dl.^ J Interferon Cytokine Res 16, 
611 (1996); R Fossiez etid.,JExpMedl9:i, 2593 (1996); A. Lmden, R HosUno, M. Laan, 

15 Eur Respir J IS, 973 (2000); X. Y. Cai, C. P. Gommoll, Jr., L. Justice, S. K. Narula, J. S. Fine, 
Immunol Lett 62, 51 (1998); D. V. Jovanovic etaL, J Immunol 160, 3513 (1998); and M Laan 
et al., J Immunol 162, 2347 (1999)). 

IL-17 also synergizes with other cytokines including TNF-a and IL-1 P to further induce 
chemokine expression (Jovanovic et al, svpra, and M. Chabaud, F. Fossiez, J. L. Taupin, P. 

20 Miossec, J Immunol 161, 409 (1998)). Levels of IL-17 are found to be significantly increased 
in Aeumatoid arthritis (RA) synovium (S. Kotake et al., J Clin Invest 103, 1345 (1999); and 
M. Chabaud et al, Arthritis Rheum 42, 963 (1999)), during allograft rejection (M. A. 
Antonysamy et al. Transplant Proc 31 (1999); M. A. Antonysamy et al, J Immunol 162, 577 
(1999); C. a Loong, C. Y. Lin, W. Y. Lui, Transplant Proc 32 (2000); and H. G. Hsieh, C. C. 

25 Loong, W. Y. Lui, A. Chen, C. Y. Lin, Transpl Int 14, 287 (2001)), and in other chronic 
inflammatory diseases including multiple sclerosis (K. Kurasawa et al^ Arthritis Rheum 43, 
2455 (2000)) and psoriasis (C. Albanesi et oL, J Invest Dermatol 115, 81 (2000), and B. 
Homey et oL, J Immunol 164, 6621 (2000)). Although clearly produced by activated T cells, 
previous reports have not provided clear classification of IL-17 within the paradigm of Thl and 

30 Th2 polarized cytokine profiles. 

n>-23 is a heterodimeric cytokine, sharing a subimit, termed p40, with intoleukin-12 
(IL-12), that combmes with a unique subunit, pl9 (B. Oppmann et oL, Immunity 13, 715 
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^000)). 11^23 has been reported to promote the prolifef^ 

T cells (D.M. Fmcht,SdSTKE.2002 Jan 8; 2002(1 14):^^^ Transgenic pl9 mice have been 
rec^tly described to display profomid systemic inflammation and neutrophilia (M. T. 
Wiekowski et al,, Jlmmuml 166, 7563 (2001)). 
S No correlation has so &r been established between the expression and biological roles 

of the IL-17 and IL-23 cytokines. 

Riimmaiy of the Invention 
In one aspect, the invention concerns a method for inhibiting interleiddn-17 (IL-17) 
10 production by T cells comprising treating the T cells with an antagonist of inte^ QLr 
23). 

In another aspect, the invention concerns a method for the treatment of an inflammatory 
disease charact^i:^ by elevated expression of interleuldn 17 (IL-17) in a mammalian subject, 
comprising administering to ^e subject an effective amount of an antagonist of interleukin-23 
15 (IL-23). 

In yet another aspect, the invention concerns a method for identifying an anti- . 
inflammatory agent comprising the steps of: 

(a) incubating a culture of T cells with IL-23, in the presence and absence of a 
candidate molecule; 
20 (b) monitoring the level of DL-l 7 in the culture; and 

(c) identifying the candidate molecule as an anti-inflammatoiy agent if the level of 
IL-1 7 is lowqr in the presmce than in the absence of such candidate molecule. 

In a further aspect, tibe invention concerns a method for inducing IL-17 production in a 
mammalian subject comprising administering to said subject an IL-23 agonist 
25 In all aspects, the antagonist or agonist preferably is an anti-IL-23 or anti*I]>23 

receptor antibody, including anlibodyr firagments. The inflammatory disease preferably is a 
chronic inflammatory condition, such as, for example, rheumatoid arthritis (RA), graft versus 
host reaction fliat may lead to allograft rgection, multiple sclerosis (MS) or psoriasis. The 
induction of IL-17 production is ^ically useful in patients subjected to bacterial infection, 
30 such as, for exaniple, infection Afycobacterium tuberculosis. 
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Brief Description of the Dmwinf ys 
Figuie 1: IL-17 production in different cell types (A): Single cell suspensions of 
spleen were prepared ftom C57/BL-6 mice and mononuclear cells were isolated fiom 
suspended splenocytes by density gradient centrifugation. 2x10^ cells/ml were cultured in the 
5 preseace or absaice of microbial lipopq)tide LBP (lOOng/ml), LPS (100 ng/ml) or LTA (100 
ng/ml) for 3 days, following \^ch the cells were collected and analyzed for IL-17 using 
EUSA. (B): Purified T cells were obtained fit>m murine splenocytes follovdng positive 
selection of FACS sorted GD90 labeled cells. These cells were cultured (1x106 cells/ml) in 
presence or absence of plate-bound anti-CD3 (5^ig/ml), or supernatant from activated dendritic 
10 cells (LPS-treated) for 3 days and culture supematants collected and analyzed for IL-17 levels 
using EUSA kit Dendritic cells were derived from macrophages (obtained as adherent 
population from splenocyte suspension), by treating macrophages with rmGM-CSF (2ng/W[) 
and nnIL-4 (1000 U/ml) for 4 days, washing and re-activating using LPS (0.5 pg/ml). 
Representative results from 3 iiKlepeadmt experiments are shown. 

15 

Figure 2: IL-23 stimulates production of IL-17 A. Mononuclear cells isolated from 
splenocytes were cultured (2x10^ cells/ml) with 100 U/ml recombinant IL-2 and were 
incubated in presence or absence of various concentrations of IL-23 (0.1 - 1000 ng/ml) for 6 
days. Levels of IL-17 accumulated in culture supematants were measured using ELISA. B. 

20 Changes in mKNA levels for IL-17 in response to IL-23 treatment were measured by 
quantitative RT-PCR. Plotted is the relative change m Ct (cycle threshold) of the PGR 
reactioa Data for each sample is normalized to the glyceraldehyde-3-phosphate 
dehydrogenase mRNA level present in each sample and then normalized again between 
samples to the level of IL-17 mRNA present in the time zero unstimulated conditions. As each 

25 a corresponds to a PGR cycle, one Ct is approximately equal to a 2-fold change in mRNA 
abundance. The approximate mRNA fold diflference for 5 Gt and 10 Gt changes are indicated 
in parenthesis. The e3q)erim^ was performed with splenocytes fix>m 4 mice, and the 
individual data points are represented with x and the average Gt change is indicated by bar 
columns. C. Changes in mRNA levels of the IH7 femily member IL-17F in response to IL- 

30 23 treatment were measured by quantitative RT-PGR as in the legend to Fig. 2B. 

Figure 3: IL-23 acts on memory T cells to induce IL-17 production Mononuclear 
cells isolated from single cell suspension of murine splenocytes were stained with (a) GyG- 
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CD4 + PB<:D44 or (b) CyC-CX)4 + PE-CD62L and sorted for dM"" cells that were either 
Ci>i4Wgh/cD62L^ow j^j. jj^^^jjy phenotype or CDH^/CD62^^ for naive phenotype. The 
sorted cells were cultured wifli 100 U/ML recombinant IL-2 in the presence or absence of IL- 
23 (or its boiled prep as a control), plate bound anti-CD3 (5fig/ml) and anti-CD28 (Ifig/ml) for 
5 days, washed, and re-stimulated with anti-CD3 antibody for another 24 hours. Supemalants 
were coUected and IL-1 7 levels were measured using ELISA. 

Figure 4: IL12p40 antibody blocks IL-23-dependent Ur-ll production: (A) 
Increasing concentrations of p40 antibody or an unrelated isotype-matched control antibody 
were pre-incubated with IL-23 (lOOng/ml) for 1 hr. at 3TC and then incubated for another 5-6 
days with mononuclear cells isolated from mouse spleen (2x10^ cells/ml) in presence of 
recombinant IL-2- Supernatant were harvested and levels of IL-17 measured using ELISA (left 
panel). Optimum concentrations of IL-12p40 antibody or an unrelated iso^e-matched control 
antibody were pre-incubated with conditioned media of LPS-stimulated dendritic cells (10% 
vA^) for 1 hr. at 3TC and flien incubated for another 5 days with mononuclear cells isolated 
from mouse spleen (2x10^ cells/ml) in presence of recombinant IL-2. Supematant were 
harvested and levels of IL-17 measured using ELISA (right panel). (B) Mononuclear cells 
isolated from splenocytes of wild type mice (C57/BL6) or mice lacking one of the components 
of 11^12, i.e. IL12a"^" ^35 knockout) or IL^b"'" (p40 knockout) were cultured in Ihe presence 
of ConAfor3 days and IL-17 levels measured in siqiematants using ELISA. 

Figure 5.: Effect of IL-12 on IL-17 production. (A) Mononuclear cells isolated from 
spleen cell cultures were incubated in the presence purified IL-23 (1 nM) and the indicated 
concentration of IL-12 for 5 days and thm washed and re-stimulated with ConA for another 24 
hours. IL-17 levels were measured in cell stq)OTiatant using ELISA kits. (B): Mononuclear 
cells isolated from spleen cell cultures from wild type or mice lacldng IL-12RP2 (IL-12RP2''" 
ko) were incid)ated in the presence or absence of purified IL-23 (1 nM) for 5 days and then 
washed and re-sthnulated with ConA for another 24 hours. IL-17 and IFN-y levels were 
measured in ceU supematant using ELISA kits. 

Figure 6: Targeting of the IL-23pl9 locus. A: The native IL-23pl9 locus (top), the 
targeting construct (middle), and tiie correctiy targeted locus (bottom) are depicted to scale 
unless otiierwise indicated by double slashes. Open boxes indicate cgding exons, and hatched 
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boxes represent exons encoding 5' and 3' untranslated regions of the resulting messenger RNA 
(mRNA). The four coding exons of the pl9 gene are numbered Boxes with ancows indicate the 
promoter rcgions.for neomydn (noo) and thymidine kinase (tk) selection cassettes, and an open 
box labeled EGFP indicates the location of an enhanced green fluorescent protein reporter 
5 gene. Restriction sites used for cloning and analysis of the arms are labeled as follows: B, Bam 
HI; S, Sac H; E, Eco RI;, Bg, Bgl II; X, Xho I. The location of an antisense primer used to 
amplify the short aim is indicated by the letter P and an arrow. The size of restriction fiagmenis 
resulting from digestion with Bam HI and Eco RI are indicated in the wild type (WT) and the 
mutated (MUT) locus, and the locations of two probes used to detect these figments by 
10 southern blot are shown by thick lines. B and C: Southern blot analysis of Bam HI digests 
probed with probe 1, and Eco RI digests probed with probe n, respectively. DNA was extracted 
from wild-type (WT) embryonic stem (ES) cells, from ES clone lc5, and from a wild type, a 
heterozygous (HET), and a knockout (KO) mouse. Hie identity of the band is indicated at the 
left side of the blot, \^bile its size is given on the right side. 

15 

Figure 7: Total serum immunoglobulm levels IL-23pl9^' mice. Serum levels of 
immunoglobulin isotypes were determined by isotype specific ELISA from groups of 16 wild 
type (filled circles) and IL-23pl9"'' (open circles) mice. Immunoglobulin isotypes are indicated 
at the bottom of the graph. 

20 

Figure 8: Humoral immune response in IL-23pl9"^" mice. A-G: Ovalbumin (OVA) 
specific levels of IgGl (A), IgG2a (B), IgG2b (C), IgG3 (D), IgE (E), and IgA (F) after one 
(i**) and two (2"^ immunizations with OVA. Filled circles, wild-type mice; open circles, and 
IL-23pl9^ mice, gray circles, and IL-12p40''' mice. Arbitrary units were calculated as 
25 described in methods and materials. The avCTage of each group is indicated by both a black 
horizontal bar and a numeric value at the bottom of the gr^h. Asterisks mark statistically 
significant P-values of less &an O.OS. 

Figure 9: T-lndepradent B-cell responses are normal in IL-23pl9"'' mice. Serum 
30 levels of TNP specific IgM was determined by ELISA &om mice immunized with TNP-LPS 
(type I, left) or TMP-Ficoll (type II, right). Filled circles, wild-type mice; open circles, and IL- 
23pl9^"mice. 
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Figure 10: Memory T-ceU function. WUd type (fiUed circles) and IL-23pl9'^' mice 
(open circles) were immunized on day 0 with Ovalbumin and challenged on day 21 witti TNP- 
OVA. Serum was harvested on days 0, 14, and 26 and tested by ELISA for the presence of 
TNP-spedfic IgGl (A) and ]feG2a ^). For IgGl, a commercially available standard was used 
For feG2a, arbitrary units were calculated as described in methods and materials. 

Figure 1 1 : Delayed type hypersensitivity (DTH) reactions. Antigw specific swelling 
is calculated as percCTt inacease in footpad thickness ova: the value measured just before the 
challenge. The results were averaged over all six mice in each group, and error bars represent 
the standard deviations. A second wild-type group that was not sensitized is used as a control 
for swelling induced by flie antigm alone. An asterisk inside a symbol indicates that the 
diflference between the corresponding group and wild-type mice is statistically significant 
(PO.05). WT, wild type; pl9ko, IL-23pl9^" mice; p40ko, IL-12p40^- mice. 

Figure 12: Normal T-cell priming yet reduced levels of IL-17 production by IL- 
23pl9^~ antigen presenting cells. A: in vz/ro allostimulation experiment of balb/c T-cells in 
combination with wild-type (black bars) or IL-23pl9*^" (white bars) dendritic ceUs. Naive 
CD4^ T-cells and CD8" / CDl Ic"" / MHC-lf ceUs were isolated by FACS and incubated in the 
presence or absence of bacterial lipopeptides (BLP). Proliferation and cytokine levels in the 
siq)ematants were determined after a 5-day incubation period APC, antigen presenting cells. 
B: Jn vivo T-cell response. Lymph node cell suspensions fix)m wild-^i)e (black bars) or IL- 
23pl9''' mice (white bars) unmunized with KLH were isolated and restimulated in vitro with 
25 ng/ml KLH.Prohferation and 11^17 levels were measured after 5 days in culture. 

Detailed Description of the Prefem ed RrnhnHimmt 
A. Definitions 

Unless defined otherwise, technical and scientific terms used herein have the same 
meaning as commonly understood by one of ordmary skill in the art to which this invention 
belongs. See, e.g. Singleton et al.^ Dictionary of Microbiology and Molecular Biology 2nd edL^ 
h WUey & Sons (New York, NY 1994); Sambrook et al.. Molecular Cloning, A Laboratory 
Manual, Cold Springs Harbor Press (Cold Springs Harbor, NY 1989). For purposes of the 
present invention, the following terms are defined below. 
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The team "antagonisT is used h^in in the broadest sense. An IL-23 "antagonist" is a 
molecule, which partially or fully bocks, inhibits, neutralizes, prevents or interferes wifli a 
biological activity of IL-23, regardless of the underlying medbanism. For ttie purpose of the 
present invention, the biological activity preferably is the ability to induce IL-17 production in 
5 activated T cells. Antagonists of IL-23 can be identified, for example, based upon their ability 
to inhibit, block, or reverse IL-23 mediated IL-17 production in activated (e,g. mraiory) T cell 
populations. For example a culture of activated T ceUs can be incubated with IL-23, m the 
presence and absence of a test compound, and IL-17 level monitored m the cell culture 
supernatant, e.g. by ELISA. If the IL-17 level is lower in the presence of the test compound 

10 than in its absence, the test compound is an IL-23 antagonist. Alternatively, real-time RT-PCR 
can be used to monitor IL-17 mRNA expression in a tissue also expressing IL-23, before and 
after treatment with a test compound Decrease in IL-17 mRNA level in the presence of the 
test compound indicates that the compound is an IL-23 antagonist Examples of IL-23 
antagonists include, without limitation, neutralizing antibodies against a subunit, e.g. a p40 

15 subunit, of a native sequence IL-23 polypeptide, immunoadhesins comprising an IL-23 subunit 
fused to an inmiunoglobulin constant region sequence, small molecules, antisense 
oligonucleotides capable of inhibiting translation, and/or transcription of a gene encoding a 
subunit of a native sequence IL-23 polypeptide, decoys, e.g. genetic decoys of the IL-23 gene, 
etc. Similarly, IL-23 antagonist include, without limitation, neutralizing antibodies against a 

20 subunit, e.g. an IL-I2Rpl or IL-23R subunit, of a native IL-23 receptor, immunoadhesins 
comprising an IL-23 receptor subunit fused to an immunoglobulin constant region sequence, 
small molecules, antisense oligonucleotides capable of mhibiting translation and/or 
transcription of a gene ^coding a subunit of a native sequence IL-23 receptor polypeptide, 
decoys, e.g. genedc decoys of an IL-23 receptor gene, eto. 

25 The term "agonist" is used herein in the broadest sense. An IL-23 agonist is my 

molecule that mimics a biological activity mediated by a native sequence IL-23, regardless of 
the underlying medianism. For the purpose of Ae present invention, the biological activity 
preferably is the ability to uiduce IL-17 production in activated T cells. Examples of IL-23 
agonists include, without limitation, agonist antibodies against a subunit, e.g. an IL-12Rpl or 

30 IL-23R subunit, of a native IL-23 receptor, peptides and small organic molecxiles. 

""Antisense oligodeoxynucleotides" or "antisense oligonucleotides" (which terms are 
used mterchangeably) are deiSned as nucleic acid molecules tiiat can inhibit the transcription 
and/or translation of target genes in a sequence-specific manner. Hie term "antisense" refers to 
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Ifae &ct ttiat the nucleic add is complementary to the coding ("sense'O genetic sequence of the 
target gene. Antisense oligonucleotides hybridize in an antiparallel orientation to nascent 
mRNA through Watson-Crick base-pairing. By binding the target mRNA template, antisense 
oligonucleotides block the successful translation of the encoded protdn. The term specifically 
S mcludes antisense agents called "tibozymes" that have been designed to induce catalytic 
cleavage of a target RNA by addition of a sequence that has natural self-splicing activity 
(Warzocha and Wotoiviec, ''Antisense strategy: biological utility and prospects in the treatmmt 
of hmiatological malignancies."" Leuk, Lymphoma 24:267-281 [1997]). 

The teem "antibody"' is used in the broadest sense and specifically covers monoclonal 

10 antibodies (including antagonist, e.g. neutralizing antibodies and agonist antibodies)^ 
polyclonal antibodies, multi-specific antibodies (e,g., bispecific antibodies), as well as antibody 
fiagments. The monoclonal antibodies specifically include "chimeric" antibodies in which a 
portion of the heavy and/or light chain is identical with or homologous to corresponding 
sequences in antibodies derived fit)m a particular species or belonging to a particular antibody 

15 class or subclass, while the remainder of the chain(s) is identical with or homologous to 
corresponding sequences in antibodies derived fiom anotiier species or belonging to another 
antibody class or subclass, as well as fi:agments of such antibodies, so long as tiiey exhibit the 
desired biological activity (U.S. Patent No. 4,816,567; Morrison et al, Proc. Nafl. Acad. Sci. 
USA. 81:6851-6855 [1984]). The monoclonal antibodies fijrfher include 'taianized"" 

20 antibodies or firagments thereof (sudi as Fv, Fab, Fab', F(ab*)2 or otiier antigen-binding 
subsequences of. antibodies) which contain miniinfll sequence d^ved &om non-human 
immunoglobulin. For the most part,' humanized antibodies are human inmnmoglobulins 
(redpi^ antibody) in which residues fiom a CDR of the recipient are replaced by residues 
from a CDR of a non-human spedes (donor antibody) such as mouse, rat or rabbit having the 

25 desired specificity, afBnity, and capacity. In some instances, Fv FR residues of the human 
immunoglobulin are replaced by corresponding non-human residues. Furthermore, humanized 
antibodies may comprise residues "wiAch are found neitiher in the recipient antibody nor in the 
imported CDR or fiamewodc sequences. These modifications are made to fiirther refine and 
maximiz i^ antibody performance. In general, the hun^nized antibody will comprise 

30 substantially all of at least one, and typically two, variable domains, in vAnch all or 
substantially all of the CDR regions correspond to those of a non-human immunoglobulin and 
all or substantially aU of the FR regions are those of a human immunoglobulin sequence. The 
humanized antibody optimally also will comprise at least a portion of an immunoglobulin 
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constant region (Fc), typically that of a human immunoglobulin. For fiirlhex details, see Jones 
et dl.. Nature, 321:522-525 (1986); and Reidunann et aL, Nature. 322:323-329 (1988). The 
humanized antibody includes a PRIMATIZED® antibody wherein the antigen-binding region 
of the antibody is derived from an antibody produced by immnniring macaque monkeys wifli 
the antigen of mterest 

"Antibody fiagmeotts" comprise a portion of an intact antibody, preferably the antig»i 
binding or variable r^on of tiie intact antibody. Bcanq)les of antibody fiagmoits include Fab, 
Fab', F(ab')2, and Fv fiagmoits; diabodies; linear antibodies (Zapata et cd.. Protein Eng. 
8(10):1057-1062 (1995)); single-chain antibody molecules; and multispecific antibodies 
formed fix>m antibody fiagments. 

As used hetein, Ac term "inflammatory disease" or "inflammatory disorder" refers to 
pathological states resulting in inflammation, typically caused by neutrophil chatnotaxis. 
Examples of such disorders include inflammatory skin diseases including psoriasis and atopic 
dermatitis; systemic scleroderma and sclerosis; responses associated with inflammatory bowel 
disease (IBD) (such as Crohn's disease and ulcerative colitis); ischemic reperfusion disorders 
including surgical tissue reperfiision injury, myocardial ischemic conditions such as myocardial 
mferction, cardiac arrest, reperfiision after cardiac surgery and constriction after percutaneous 
transluminal coronary angioplasty, stroke, and abdominal aortic aneurysms; cerebral edema 
secondary to stroke; cranial trauma, hypovolemic shock; asphyxia; adult respiratory distress 
syndrome; acute-lung injury; Behcet's Disease; dramatomyositis; polymyositis; muMple 
sderosis QiAS)\ dermatitis meningitis; encephalitis; uveitis; osteoarthritis; lupus nephritis; 
autounmune diseases such as rhcwmatoid arthritis ^), Sjorgen's syndrome, vasculitis 
diseases mvohdng leulax^ di£9)edesis; central nervous system (CNS) inflammatory disorder, 
multiple organ injury syndrome secondary to sqpticaemia or trauma; alcoholic hepatitis 
bacterial pneumonia; antigen-antibody complex mediated diseases including 
glomerulonq>hritis; sqpsis; sarcoidosis; immunopafliologic responses to tissue/wgan 
transplantation; inflammations of fibie lung, inchiding pleurisy, alveolitis, vasculitis, pneumonia, 
chronic bronchitis, brondiiectasis, dif&ise paniaonchiolitis, hypersensitivity pneumonitis, • 
idiopathic puhnonary fibrosis (IFF), and cystic fibrosis; etc The preferred indications mclude, 
witiMut hmitation, chronic inflammation, autoimmune diabetes, riiannatoid arthritis (RA), 
rijeumatoid spondylitis, gouty arthritis and other arthritic conditions, multiple sclerosis (MS), 
asthma, sysfliemic lupus erythrematosus, adult respiratory distress syndrome, Behcet's disease, 
psoriasis, chronic puhnonary inflammatory disease, graft versus host reaction, Crohn's Disease, 
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ulcerative colitis, inflammatoiy bowel disease (IBD), Alzheimer's disease, and pyresis, along 
with any disease or disorder ttmt relates to inflammation and related disorders. 

The terms **(iear or "treatment" refer to botii fterapentic treatment and prophylactic or 
preventative measures, wherein the object is to prevent or slow down (lessen) an undesired 
5 physiological chan^ or disorder. For purposes of this invention, beneficial or desired clinical 
results include, but are not limited to, alleviation of symptoms, diminishment of extent of 
disease, stabilized (Le., not wors^iing) state of disease, delay or slowing of disease 
progression, amelioration or palliation of the disease state, and remission (v^diefher partial or 
total), ^'^^leflier detectable or undetectable. "Treatmenf can also mean prolonging survival as 

10 compared to expected survival if not receiving treatment Those in need of treatment include 
those abeady with the condition or disord^ as well as those prone to have the condition or 
disorder or those in i^ch the condition or disorder is to be prevented. 

"Chronic" admmistration refers to administration of the agent(s) in a continuous mode 
as opposed to an acute mode, so as to maintain the desired efifect for an extended period of 

15 time. 

"Intermittent'' administration is treatment that is not consecutively done without 
interruption, but rather is cyclic in nature. 

Administration "in combination with" one or more further therapeutic agents includes 
simultaneous (concurrent) and coiisecutive administration in any order. 
20 A "subjecf is a vertebrate, preferably a mammal, more preferably a human. 

The term "mammal" is used herein to refer to any animal classified as a Tnamtnfll^ 
including, v^thout limitation, humans, domestic and firm animals, and zoo, sports, or pet 
animals, such as sheep, dogs, horses, cats, cows, efc. Preferably, the mammal herein is human. 
An "ejffective amounf is an amount sufficient to efifect beneficial or desired flier^utic 
25 (including preventative) results. An effective amount can be administered in one or more 
administrations. 

B. Modes of Carrving Out the Invention 

The practice of the present invention will employ, unless otherwise mdicated, 
30 conventional techniques of molecular biology (includmg recombinant techniques), 
microbiology, cell biology, biochemistry and immunology, vi*ich are witiun the skill of tiie art 
Such techniques are plained fiiUy in the literature, such as, "Molecular Cloning: A 
Laboratory Manual", 2^ edition (Sambrook et al., 1989); "OUgonucIeotide Synthesis" (M.J. 
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Gait, ei, 1984); "Animal CeU Culture" (R.L Freshney, ed, 1987); 'Methods in Enzymology" 
(Academic Press, &ic.); "Handbook of E)q>^imental Immiinology", 4* edition (D.M. Weir & 
C.C BlackweU, eds., Blackwell Science Inc., 1987); "Gene Transfer Vectors for MaimnaKan 
Cells'* (J.M. Miller & MP. Calos, eds., 1987); "Current Protocols in Molecular Biology*' (F.M. 
5 Ausubel et al., eds., 1987); "PCR: The Polymerase Chain Reaction^ (MuUis et al., eds., 1994); 
and "Curr«it Protocols in hnmunology'' (J.E. Coligan et al., eds., 1 991). 

. As discussed before, the invention is based on the recognition that IL-23 induces ILrl7 
production in activated T cell, in particular memory cells, and that IL-23 antagonists are 
capable of inhibiting this process. Accordingly, IL-23 antagonists are promising drug 
10 candidates for the treatment of inflammatory conditions characterized by elevated levels of BL- 
17. Conversely, IL-23 agonists are useful to induce protective immune response to various 
infections, mcluding Mycobacterial infections, such as, for example, Kfycobacterium 
tuberculosis (A£ tuberculosis) infection. 

15 1. Screeninp; Assavs to Identifv IL-23 Antagonists or Agonists 

This invention includes screening assays to identify IL-23 antagonists, vMcYl find 
utility in the treatment of inflammatory conditions characterized by the presence of elevated 
levels of IL-17. The invention further includes screening assays to identify IL-23 agonists that 
find utility in stimulating a protective immune response to infections, such as mfections by 

20 Mycobacteritm tuberculosis. 

Screening assays for antagonist drug candidates may be designed to identify 
compounds that bind or complex with IL-23 (including a subunit or other fiagpient thereof or 
with an IL-23 recqytor (mcluding a subunit or other firagment thereof), or otherwise interfere 
with tiie interaction of IL-23 wifli other cellular proteins, thereby interfering wifli the 

25 production or functioning of IL-23. The screening assays provided herein include assays 
amenable to high-fhrougfaput screenmg of chemical libraries, making thena particularly suitable 
for identifying small molecule drug candidates. Generally, binding assays and activity assays 
areprovided. 

The assays can be performed in a variety of formats, including, without Ihnitation, 
30 protein-protem binding assays, biochemical screening assays, immunoassays, and cell-based 
assay s, Mdiich are weU characterized in the art 

AU assays for antagonists and agonists are common in that they call for contacting the 
drug candidate with an IL-23 polypeptide, or and IL-23 receptor polypeptide, or a firagment of 
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such polypeptides (specifically including IL-23 and IL-23 receptor subunits) under conditions 
and for a time sufficient to allow these two components to intranet For example, the human 
IL-23 pl9 subunit is a 189 amino add polypeptide, the sequeuce of i^ch is available fix>m flie 
EMBL database under Accession Numb^ AF301620 (NCBI 60SS80; GeoBank AF301620; 
S Oppmami et oL,- siqn'd). The sequence of subunit p40 of the IL-23 polypeptide is also known 
(also known as IL-12 p40 subunit; NCBI 161561). The sequence of IL-12Rpi, to which IL-23 
binds, is available under Accession Number NCBI 601604. The making of antibodies or small 
molecules binding to such polypq>tides is well within the skill of the ordinary artisan. 

In binding assays, the interaction is binding, and the complex formed can be isolated or 

10 detected in flie reaction mixtuie. In a particular embodiment, either the IL-23 or IL-23 receptor 
polypeptide or the drug candidate is immobilized on a solid phase, e.g., on a microtiter plate, 
by covalemt or non-covalent attachments. Npn-covalent attachment generally is accomplished 
by coating the solid surfece with a solution of the IL-23 or IL-23 receptor polypeptide and 
dryiog. Alternatively, an immobilized antibody, e.g., a monoclonal antibody, specific for the 

15 IL-23 polypeptide or the IL-23 receptor polypeptide to be immobilized can be used to anchor it 
to a solid surfece. The assay is performed by adding the non-immobilized component, which 
may be labeled by a detectable label, to the immobilized component, e.g., the coated surface 
containing the anchored component. When the reaction is complete, the non-reacted 
comjK>nents are removed, e.g., by washing, and complexes anchored on the solid surfece are 

20 detected When the originally non-immobilized component carries a detectable label, ihc 
detection of label iimnobUized on the surfece indicates that complexing occurred. Where the 
originally non-immobilized componrat does not carry a label, complexing can be detected, for 
example, by usirig a labeled antibody specifically binding the immobilized complex. 

If the candidate compound is a polypeptide which interacts with but does not bind to 

25 IL-23 or tiie IL-23 recqptor, its interaction with the respective polypeptide can be assayed by 
methods well known for detecting protein-protein interactions. Such assays include traditional 
£q[)proaches, such as, e.g., cross-linking, co-immunoprecipitatioiL, and co-purification tbrou^ 
gradi«ts or chromatogc^hic columns. Jn addition, protein-protein inta:actions can be 
monitored by u^g a yeast-based genetic system described by Fields and co-workers (Fields 

30 and Song, Nature (London! 340:245-246 (1989); Chien et al., Proc. Natl. Acad. Sci. USA. 
88:9578-9582 (1991)) as disclosed by Chevray and Nathans, Proc, Natl. Acad. Sci. USA. 89: 
5789-5793 (1991). Many transcriptional activators, such as yeast GAL4, consist of two 
physically discrete modular domains, one acting as the DNA-bindiag domain, the other one 
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funcdoning as tiie transcription-aclivadon domain. The yeast expression system desodbed in 
the foregoing publications (generally referred to as the "two-hybrid system**) takes advantage 
of this property, and OTploys two hybrid proteins, one in which the target protein is fused to 
tile DNA-binding domain of GAL4, and another, in \^ch candidate activating proteins are 
5 fused to the activation domain. The e)q>ression of a GALUlacZ reporter gene under control of 
a GAL4-activated promoter depends on reconstitution of GAL4 activity via protein-protein 
interaction. Colonies containmg interacting polypeptides are detected with a chromogenic 
substrate for p-galactosidase. A complete kit (MATCHMAKER™) for identifying protem- 
protein interactions between two specific proteins using the two-hybrid technique is 

10 commercially available from Clontech. This system can also be extended to map protein 
domains involved in specific protein interactions as well as to pinpoint amino acid residues that 
are crucial for these interactions. 

Compounds that interfere with the interaction of ILr-23 and other intra- or extraceDular 
components, in particular IL-17, can be tested as follows. Usually a reaction mixture is 

15 prepared containing IL-23 and the intra- or extracellular component (e.g. IL-17) under 
conditions and for a time allowing for the interaction of the two products. To test the ability of 
a candidate compound to inhibit the interaction of IL-23 and IL-17, the reaction is run in the 
absence and in the presrace of the test compound. In addition, a placebo may be added to a 
third reaction mixture, to serve as positive control. Since IL-23 has been shown to induce IL- 

20 17 production, the ability of the test compound to inhibit the TLr23/JLrl7 interaction can, for 
example, be tested by measuring the amount of 11^17 in the absence and presence of tiie test 
compound. If the IL-17 amount is lower in the absence of the candidate compound than in its 
presence, the candidate compound is an IL-23 ^tagonist by tiie definition of the present 
invention. 

25 The IL-23 antagonists identified based upon then: ability to inhibit the induction of IL- 

17 production by IL-23 are drug candidates for the treatment of inflammatory conditions 
characterized by the presence of elevated levels of IL-17. 

The IL-23 agonists identified by upon then: ability to promote the induction of IL-17 
production by IL-23 are drug candidates for evokmg or supporting a protective immune 
30 response to infections, such as infection by Mycobacterium tuberculosis^ and^ as a result, for 
the treatment of infectious diseases, such as tuberculosis. 

It is emphasized that the screening assays specifically discussed herein are for 
illustration only. A variety of other assays, which can be selected depending on the type of the 
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antagonist candidates screened (e.g. polypq>tides» peptides, non-peptide small organic 
molecules, nucleic acid, etc.) are well know to those skilled in tiie art and are equally suitable 
for the purposes of the present invention. 

2. Anti-11^23 and anti-IL>23 Receptor Antibodies 
5 In a particular embodiment, the IL-23 antagonists or agonists are monoclonal antibodies 

to IL-23 (e.g. a subunit of IL-23), including antibody fragments. In another particular 
OTibodiment, the IL-23 antagonists and agonists include monoclonal antibodies to an IL-23 
receptor (e.g. a subunit of an IL-23 receptor). IL-23, including its subunits, has been discussed 
hereinabove. The receptor for IL-23 is comprised of two subunits, IL-12Rpi, and a more 

10 recenfly discovered subunit termed IL-23R (Paiham et al., J. ImmunoL 1 68 :5699-5798 (2002)). 
Antibodies to either subunit are specifically within the scope of the inventionu hi case of 
antagonists, antibodies specifically binding the IL-23R subunit are particularly preferred, since 
they specifically block the biological activities mediated by IL-23. 

Methods for making monoclonal antibodies are well known in the art Thus, 

15 monoclonal antibodies may be prepared using hybridoma methods, such as those described by 
Kohler and Milstein, Nature, 256:495 (1975). In a hybridoma method, a mouse, hamster, or 
other appropriate host animal, is typically immunized with an immunizmg agent to elicit 
lymphocytes that produce or are capable of producing antibodies that will specifically bind to 
the immunizing agent Ahematively, the lymphocytes may be immunized in vitro. 

20 The immimizing agent will typically include the IL-23 or IL-23 receptor polypq)tide or 

a fiision protein fliereof. Generally, either peripheral blood lymphocytes ("PBLs") are used if 
cells of human origin are desired, or splem cells or lymph node cells are used if non-humian 
mammalian sources are desired. The lymphocytes are then fused with an immortalized cell 
line using a suitable fiising agent, such as polyethylene glycol, to form a hybridoma cell 

25 [Coding, Monoclonal Antibodies: Principles and Practice. Academic Press, (1986) pp. 59-103]. 
Immortalized cell lines are usually transformed mammalian cells, particularly myeloma cells of 
rodent, bovine and human origin. Usually, rat or mouse myeloma cell lines are employed. The 
hybridoma cells may be cultured in a suitable culture medium that preferably contains one or 
more substances that inhibit the growth or survival of die unfiised, immortalized cells. For 

30 example, if the parental cells lack die enzyme hypoxanthine guanine phosphoribosyl 
transferase (HGPRT or HPRT), the culture medium for the hybridomas typically will include 
hypoxanthine, aminopterin, and thymidine ("HAT medium"), which substances prevent the 
growth of HGPRT-deficient cells. 
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Preferred immortalized cell lines are lliose that fiise efiBciently, support stable high level 
expression of antibody by the selected antibody-producing cells, and are sensitive to a medium 
such as HAT medium. More preferred immortalized cell lines are murine myeloma lines, 
which can be obtained, for instance, fiom the Salk Institute Cell Distribution Center, San 
5 Diego, California and the American Type Culture Collection, Manassas, Virginia. Human 
myeloma and mouse-human heteromyeloma cell lines also have been described for the 
production of human monoclonal antibodies [Kozbor, J- Tirmminnl , 133:3001 (1984); Brodeur 
et al., Mnnoclnnfll Antibodv Production Tf^hnirpiftR and Applications, Marcel Dekker, Inc., 
New York, (1987) pp. 51-63]. 

10 The culture medium in which the hybridoma cells are cultured can then be assayed for 

the presence of monoclonal antibodies directed against IL-23 or an IL-23 receptor. Preferably, 
the binding specificity of monoclonal antibodies produced by the hybridoma cells is 
determined by immimoprecipitation or by an in vitro binding assay, such as radioimmunoassay 
(RIA) or enzyme-Unked inmumoabsorbent assay (ELISA). Such teclmiques and assays are 

15 known in the art The binding affinity of the monoclonal antibody can, for example, be 
determined by the Scatchard analysis of Munson and Pollard, Anal. Biochem.. 107:220 (1980). 

After the desired hybridoma cells are identified, the clones may be subcloned by 
limiting dilution procedures and grown by standard methods [Coding, supra] . Suitable culture 
media for HAs purpose include, for example, Dulbecco's Modified Eagle's Medium and RPMl- 

20 1640 medium. Alternatively, the hybridoma cells may be grown in vivo as ascites in a 
mammal. 

The monoclonal antibodies secreted by the subclones may be isolated or purified ffom 
the culture medium or ascites fluid by conventional irrmiunoglobulin purification procedures 
such as, for example, protein A-^epharose, hydroxyl^patite chromatography, gel 

25 electrophoresis, dialysis, or afiOnity chromatogrsqphy. 

The monoclonal antibodies may also be made by recombinant DNA methods, such as 
thosedescribedinU.S. Patent No. 4,816,567. DNA encoding the monoclonal antibodies of the 
invention can be readily isolated and sequenced using conventional procedures (e.g., by using 
oligonucleotide probes that are capable of binding specifically to genes encoding the heavy and 

30 light chains of murine antibodies). The hybridoma cells of the invention serve as a preferred 
source of such DNA. Once isolated, the DNA may be placed into expression vectors, which 
are tihien transfected mto host cells such as smiian COS cells, Chinese hamster ovary (CHO) 
cells, or myeloma cells that do not otherwise produce immunoglobulin protein, to obtain the 
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synfliesis of monoclonal antibodies in the recombinant host cells. The DNA also may be 
modified, for example, by substituting the coding sequence for human heavy and liglit chain 
constant domains in place of the homologous murine sequences [U.S. Patent No. 4,816,567; 
Morrison et al., supra] or by covalently joming to the immunoglobuliii coding sequence all or 
5 part of Ae coding sequence for a nonrinmiunoglobulin polypeptide. Such a non- 
immunoglobulin polypeptide can be substituted, for the .constant domains of an antibody of the 
invention, or can be substituted for tiie variable domains of one antigen-combining site of an 
antilxxfy of ^ invention to create a chimeric bivalent antibody. 

The antibodies may be monovalent antibodies. Methods for preparing monovalent 

10 antibodies are well known in the art For example, one method involves recombinant 
expression of immunoglobulin ligjrt chain and modified heavy chain. The heavy chain is 
truncated generally at any point in the Fc region so as to prevent heavy chain crosslinldng. 
Alternatively, the relevant cysteine residues are substituted wilh another amino acid residue or 
are deleted so as to prevent crosslinldng. In vitro methods are also suitable for preparing 

15 monovalent antibodies. 

The anti-IL-23 and anti-IL-23 receptor antibodies of the invention may fiirther be 
humanized antibodies or human antibodies. Humanized forms of non*human (e.g., murine) 
antibodies are chimeric immunoglobuUns, immunoglobulin chains or fi-agments thereof (such 
as Fv, Fab, Fab*, F(ab')2 or otihier antigen-binding subsequences of antibodies) which contain 

20 minimal sequmce derived fix)m non-human immunoglobuliiL Humanized antibodies include 
. human immimoglobulins (redpieiit antibody) in .^^ch residues firom ' a complementary 
determining region (CDR) of the recipient are replaced by residues fix>m a CDR of a non- 
human species (donor antibody) sudhi as mouse, rat or rabbit having the desired specificity, 
afSnity and cq)acity. In some instances, Fv firamewbrk residues of the himian inununoglobulin 

25 are replaced by corresponding non-himian residues. Humanized antibodies may also comprise 
residues which are found neither iii the recipient antibody nor m the imported CDR or 
fiamewoik sequences. In general, the humanized antibody will comprise substantially all of at 
least one, and typically two, variable domains, m ^ch all or substantially all of the CDR 
regions correspond to those of a non-human immunoglobulin and all or substantially all of the 

30 FR regions are those of a human inununoglobulin consensus sequence. The humanized 
antibody optimally also will comprise at least a portion of an immunoglobulin constant region 
(Fc), typically tiiat of a human immunoglobulin [Jones et al.. Nature. 321:522-525 (1986); 
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Riechmann et al.. Nature, 332:323-329 (1988); and Presta, Cuir. Op. Struct BioL, 2:593-596 
(1992)1. 

Methods for hmnamzing non-human antibodies are well known m the art Generally, a 
humanized antibody has one or more amino acid residues introduced into it from a source 
5 vMch is non-humaiL These non-human amino acid residues are often referred to as "import" 
residues, ^^di are typically tsken from an "import** variable domain. Humanization can be 
essentially peiformed fr)Ilowing the method of Winter and co-woikers [Jones et al.. Nature, 
321:522-525 (1986); Riechmann et al.. Nature, 332:323-327 (1988); VeAoeyen et al.. Science, 
^:1534-1536 (1988)], by substituting rodent CDRs or CDR sequences for the corresponding 

10 sequences of a human antibody. Accordingly, such ''humanized" antibodies are chimeric 
antibodies (U.S. Patent No. 4,816,567), wherein substantially less than an intact human 
variable domain has been substituted by the corresponding sequence from a non-himian 
species. In practice, humanized antibodies are typically human antibodies in which some CDR 
residues and possibly some FR residues are substituted by residues from analogous sites in 

15 rodent antibodies. 

Human antibodies can also be produced using various techniques known in the art, 
including phage display libraries [Hoogenboom and Wmter, J. MoL BioL, 227:381 (1991); 
Maries et al., J. Mol. BioL, ^:581 (1991)]. The techniques of Cole et al. and Boemer et al. 
are also available for the preparation of human monoclonal antibodies (Cole et al.. Monoclonal 

20 Antibodies and Cancer Therapy. Alan tL Liss, p. 77 (1985) and Boemer et al., J. Immunol., 
147(11 :86-95 (1991)]. Similarly, human antibodies can be made by introducing of human 
immunoglobulin loci into transgenic animals, e.g., mice in ^^ch the endogenous 
immunoglobulin genes have been partially or completely inactivated. Upon challenge, human 
antibody production is observed, which closely resembles that seen in humans in all respects, 

25 including gene rearrangement, assembly, and antibody repertoire. This approach is described, 
for example, in U.S. Patent Nos. 5,545,807; 5,545,806; 5,569,825; 5,625,126; 5,633,425; 
5,661,016, and in the following scientific publications: Maries et al., Bio/Technologv 10, 779- 
783 (1992); Lonberg et al.. Nature 368 856-859 (1994); Morrison. Nature 368, 812-13 (1994); 
Fishwild et al., Nature Biotechnologv 14, 845-51 (1996); Neuberger, Nature Biotechnology 14. 

30 826 (1996); Lonberg and Huszar. Intern- Rev. TrnmunnL 1 ^ 6S-9^ (1995). 

Mendez et al. (Nature Genetics 15: 146-156 (1997)) have further improved the 
technology and have generated a line of transgenic mice designated as "Xenomoiise that, 
vAien challenged with an antigen, generates high aflSnity fully human antibodies. This was 
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actueved by germ-line int^ration of m^^base human heavy chain and light chain loci into 
mice with deletion into endogenous Jh segment as described above. The Xenomouse II harbors 
1,020 kb of human heavy chain locus containing ^proximately 66 Vh genes, complete Dh and 
Jh regions and three difiEerent constant regions (p^ S and x)> and also harbors 800 kb of human 
S K locus containing 32 Vk geoaes, Jk segments and Ck genes. The antibodies produced in these 
mice closely resemble that seen in humans in all respects, including gene rearrangement, 
assembly, and repertoire. The human antibodies are preferentially expressed over endogenous 
antibodies due to deletion in endogenous Jh segment that prevents gene rearrangement in the 
murine locus. 

10 Altmiatively, the phage display technology (McCafferty et aly Nature 348, 552-553 

(1990)) can be used to produce human antibodies and antibody fragments in vitro ^ from 
immunoglobulin variable (V) domain gene repertoires from miinmiunized donors. According 
to this technique, antibody V domain genes are cloned in-fiame into either a major or minor 
coat protein gme of a filamentous bacteriophage, such as M13 or fd, and displayed as 

15 functional antibody fragments on the surface of the phage particle. Because the filamentous 
particle contains a single-stranded DNA copy of the phage genome, selections based on the 
functional properties of the antibody also result in selection of the gene encoding the antibody 
exhibiting those properties. Thus, the phage mimics some of the propaties of the B-cell. 
Phage display can be p^ormed in a variety of formats; for their review see, e.g. Johnson, 

20 Kevin S. and Chiswell, David J., Current Opinion in Structural Biology 3, 564-571 (1993). 
Sev^ sources of V-gene segments can be used for phage display. Clackson et al.. Nature 
352, 624-628 (1991) isolated a diverse array of anti-oxazolone antibodies fix)m a small random 
combinatorial library of V genes derived firom the spleens of inmiunized mice. A repertoire of 
V genes from unirmnunized human donors can be constructed and antibodies to a diverse array 

25 of antig^ (including self-antigeos) can be isolated essentially following the techniques 
described by Maries et al., J. MoL Biol ^ 581-597 (1991), or Griffith et dl., EMBO J. 12, 
725-734 (1993). In a natural immune response, antibody genes accuinulate mutations at a higih 
rate (somatic hypennutation). Some of the changes introduced will confer higjher affinity, and 
B cells displaying high-affinity sur&ce immunoglobulin are preferentially replicated and 

30 differentiated during subsequent aptigen challenge. This natural process can be mimicked by 
employing the technique known as "chain shuffling" (Marks et al, Bio/TechnoL 10, 779-783 
[1992]). In this method, the aflBnity of "primary" human antibodies obtained by phage display 
can be improved by sequentially replacing the heavy and light chain V region genes with 
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lepertoires of naturally occuning variants (repertoires) of V domain genes obtained from 
unimmunized donors. This techniques allows the production of antibodies and antibody 
fiagm»ts with afBnities in the nM range. A strategy for making very large phage antibody 
reportoiics has been described by Waterhouse et al., NucL Acids Res. 2L 2265-2266 (1993). 

Various techniques have been developed for the production of antibody fragments. 
Traditionally, these fragments were derived via proteolytic digestion of intact antibodies (see, 
e.g., Morimoto et oL, J. Biochent Biophys. Methods 24:107-117 (1992) and Brennan et al., 
Science 229:81 (1985)). However, these fragments can now be produced directiy by 
recombinant host cells. For example, Fab'-SH fragments can be directiy recovered from R coli 
and diemically coupled to form F(ab')2 fragments (Carter et al,, Bio/Technology 10:163-167 
(1992)). In another ranbodiment, the F(ab*)2 is formed using the leuci^e zipper GCN4 to 
promote assembly of the F(ab')2 molecule. According to another approach, Fv, Fab or F(ab')2 
fi:agments can be isolated directly fix>m recombinant host cell culture. CMher techniques for the 
production of antibody fi^agments will be apparent to the skilled practitioner. 

Heteroconjugate antibodies, composed of two covalenfly joined antibodies, are also 
withm the scope of tiie present invention. Such antibodies have, for example, been proposed 
to target immune system cells to unwanted cells (U.S. Patent No. 4,676,980), and for treatment 
of HIV infection (PCX application publication Nos. WO 91/00360 and WO 92/200373). 
Heteroconjugate antibodies may be made using any convenient cross-linking methods, using 
weU known, commercially available cross-linkmg agents. 

For fiirther information concerning the production of monoclonal antibodies see also 
Coding, J.W., Monoclonal Antibodies: Principles and Practice. 3rd Edition, Academic Press, 
Inc., London, San Diego, 1996; Liddell and Weeks: Antibodv Technologv: A Comprehensive 
Overview. Bios Scientific Publishers: Oxford, UK, 1995; Breitiing and Dubel: R^mMnant- 
AntiboS^ John Wiley & Sons, New York. 1999: and Phage Displav: A Lahnrgmry Manual^ 
Barbas W a/., editors. Cold Springs Harbor Laboratory, Cold Spring Harbor, 2001. 

3. Target Diseases 

IL-17 has been implicated in various inflammatory diseases, mcludmg rheumatoid 
arfatritis(RA). One of the cardinal features of RA is erosion of periarticular bone. Osteoclasts 
play a key role in bone resorption but the mechanisms by which osteoclasts are formed fix)m 
progenitor cells is not folly understood. Recently, Kotake, et al, (J. Clin. Invest 103:1345 
(1999)) reported that Interleukin 17 (JLrlT) could induce the formation of osteoclast-like cells 
in cocultures of mouse hemopoietic cells and primary osteoblasts. This IL-17 induced 
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osteoclastogenesis was shown to be inhibited by indomethadn, a selective inhibitor of 
cyclooxygenas-2 (COX-2). The synovial fluids fix)m RA patients were found to contain 
significantly high^ levels of IL-17 as compared to osteoarthritis (OA) patients. In addition^ 
using itnmunostaining» IL-17-positive mononuclear cells were detected in the synovial tissues 
5 of RA patients anil not in tissue fiom OA patients. These findmgs have been interpreted to 
indicate lhat IL-17 may contribute to bone msion and joint damage in RA and may therefore^ 
be a target for mhibition. 

Behcet's disease patients have also been shown strinkingly elevated serum levels of 11^ 
17 compared to healthy subjects. Hamzaoui et al.^ Scand, J. l^heiimatnl 3 1(4):205-10 (2002). 

10 Elevated levels of TLrll have been found within asthmatic airways, and it has been 

suggested that IL-17 mi^t amplify inflammatory responses through the release of other 
proinflammatory mediators, such as alpha-chemokines. Molet et al., J. Allergy Clin. Immunol. 
108(3):430-8 (2001); and Wong et al,, Clin. Kxp. TTnTniiTinl 125(2):177-83 (2001). 

Elevated levels of IH7 have been reported for patients with systhemic lupus 

15 erythrematosus. Wong et al,, Lupus 9(8):589-93 (2000). 

IL-17 has been described to play a role in psoriasis. Homey et al., J. Tmmimnl 
164(12):6621-32 (2000). 

It has been reported that IL-17 mRNA is augmented in blood and CSF mononuclear 
cells in multipe sclerosis. Matusevicius et al., Mult Scler, 5(2):101-4 (1999). 

20 Based on diese and numerous similar reports, IL-23 antagonists, which inhibit the 

ability of IL-23 to induce IL-17 production, and thereby lower IH 7 levels, are valuable 
candidates for the treatment of a variety of (chronic) inflammatory conditions and diseases. 
Examples of such conditions and diseases include, without limitation: chronic inflammation, 
autoinmmne diabetes, dieumatoid arthritic (SA), rheumatoid spondylitis, gouty arthritis and 

25 other arthritic conditions, multiple sclerosis (MS), asthma, systhemic liq>us erythrematosus, 
adult respiratory distress syndrome, Behcet's disease, psoriasis, chronic puhnonary 
inflammato ry disease, graft versus host reaction, Crohn's Disease, ulcerative colitis, 
inflammatory bowel disease (BD), Alzheimer's disease, and pyresis. 

IL-17 is known to play an important role in flie generation of a protective response to 

30 certain infectious diseases, such as tuberculosis by promoting IFN-y production and thereby 
inducing a cell-mediated immune response. Accordingly, IL-23 agonists, including agonist 
antibodies, find utility in inducing a cell-mediated immime rei^nse to various infections, such 
as tuberculosis causes by Mycobacterium tuberculosis^ and are promising drug candidates for 



wo 2004/042009 



PCT/US2003/014429 



21 . 

treating this infectious disease which kills more than three million people worldwide every 
year. 

4. Pharmaceu tical r!nTn TX)sitions 

Antibodies specifically binding IL-23 or an IL-23 receptor, as weU as other IL-23 
5 antagonist or agonist molecules identified by the screening assays disclosed hereinbefore, can 
be administered for the treatment of various disorders, in particular inflammatory, diseases or 
diseases benefiting fiom the induction of cell-mediated immune response, in the form of 
pharmaceutical compositions. 

Where antibody fiagments are used, the smallest inhibitory fragment that specifically 

10 binds to tiie binding domaui of the target protein is preferred. For example, based upon the 
variable-region sequences of an antibody, peptide molecules can be designed that retain the 
ability to bind the target protein sequence. Such peptides can be synthesized chemically and/or 
produced by recombinant DNA technology. See, e.g., Marasco et al., Proc. Natl. Acad. Sci. 
USA. 90: 7889-7893 (1993). 

15 The active ingredients may also be entrapped in micioc^sules prepared, for example, 

by coacervation techniques or by interfacial polymerization, for example, 
hydroxymethylcellulose or gelatin-microcapsules and poly-(methylmethacylate) microcapsules, 
respectively, in coUoidal drug delivery systems (for example, liposomes, albumin 
microspheres, microemulsions, niino-particles, and nanocapsules) or in macroemulsions. Such 

20 techniques are disclosed in Remington's Pharmaceutical Sciences, supra. 

The fomiulations to be used for in vivo administration must be sterile. This is readily 
accomplished by filtration throu^ sterile filtration membranes. 

Sustained-release preparations may be prepared. Suitable examples of sustained- 
release preparations include semipermeable matrices of solid hydrophobic polymers containing 

25 the antibody, which matrices are in the form of shaped articles, e.g., films, or microcapsules. 
Examples of sustained-release matrices include polyesters, hydrogels (for example, poly(2- 
hydroxyetihyl-melhacrylate), or poly(vmylalcohol)), polylactides (U.S. Pat No. 3,773,919), 
copolymers of L-glutamic acid and y ethyl-L-glutmnate, non-degradable ethylene-vinyl acetate, 
d^radable lactic acid-glycolic acid copolymers such as the LUPRON DEPOT ™ (injectable 

30 microspheres composed of lactic acid-g^ycolic acid copolymer and leTq)rolide acetate), and 
poly-D-(-)-3-hydroxybutyric add. While polymers such as etiiylene^vinyl acetate and lactic 
acid-glycolic acid enable release of molecules for over 100 days, certain hydrogels release 
proteins for shorter time periods. When enc^sulated antibodies remain in the body for a long 
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time, they may denature or aggregate as a result of exposure to moisture at 37®C, resulting in a 
loss of biological activity and possible changes in immunogenicity. Rational strategies can be 
devised for stabilization depending on the mechanism involved. For example, if the 
aggregation mechanism is discovered to be intermolecular S-S bond formation tiirou^ thio- 
5 disulfide mteichange, stabilization may be achieved by modifying sulfhydryl residues, 
lyophilizmg from acidic solutions, controlling moisture content, using appropriate additives, 
and developing specific polymer matrix compositions. 

The formulation herem may also contam more than one active compound as necessary 
for tiie particular mdication being treated, preferably those with complementary activities that 
10 do not adversely affect each other. Such molecules are. suitably present in combination in 
amounts that are effective for flie purpose intended, or may be formulated separately, and 
admioistered concurrentiy or consecutively, in any order. 

For example, the IL-23 antagonists of the present invention may be administered in 
combination with anti-inflammatory agents and other active compounds currentiy in use for the 
15 treatment of the target diseases and conditions. Such compounds include corticosteroids; non- 
steroidal anti-inflammatory drugs (NSAIDs), such as aspirin, ibuprofen, and COX-2 inhibitors, 
e.g. Celebrex® and Vioxx®; disease-modifying anti-rheumatic drugs (DMARDs), such as 
methotrexate, leflunomide, sulfesalazine, azathioprine, cyclosporine, hydroxychloroquine, and 
D-penidllamine; and biological response modifiers (BRMs), such as TNF and IL-1 mhibitors. 
20 The following examples are oS&ed for illustrative purposes only, and are not intended 

to limit the scope of the present invention in any way. 

All patent and literature references dted in tiie present specification are hereby 
mcorporated by reference in then: entirety . 

25 Example 1 

Interieoldn-?.3 flL-23^ Prom otes a Distinct CD4 T ceU Activation Slate Characteri7.ed 
bv the Prodnction of Tnterieiilrin-l? (TL-IT) 

Although clearly produced by activated T cells, previous reports have not provided clear 
classification of IL-17 within tiie paradigm of Thl and Th2 polarized cytokine profiles. The 
30 purpose of the initial ejq)aimaits described in this Example was to examine flie possibility that 
IL-17 is expressed in response to signals (fistinct firan those associated with the Thl or Th2 
re^nse. 
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Experimental Procedures 

Cell Culture - Single cell suspensions of spleen were prepared fix)m C57/BL-6 mice, 
and mononuclear cells were isolated from suspended splenocytes by density gradient 
centrifiigation. 2 x 10^ cells^ were cultured with IL-2 (100 units/ml) in the presence or 
5 absence of various stimuli (for times indicated in the figure legends), following vMch. the cells 
were collected and analyzed for IL-17 using ELISA (R&D Systems, Minneapolis, MN). 
Dendritic cells were derived fiom macrophages (obtained as adherent population from 
splenocyte suspension) by treating mactophages wifli rGM-CSF (2 ng/ml) and rIL-4 (1000 
unites/ml) for 4 days, washing and re-activating using LPS (0.5 ^g/ml). Memory and naive T 
10 cells were isolated by staining mononuclear cells isolated ficom single cell saispension of murine 
splenocytes with CyC-CD4 + PE-CD44 or CyC-CD4 + PE-CD62L and sorting for CD4^ cells 
that were either CD44''*8^/CD62L'^ for memory phenotype, or CD44'^7CD62'^'s>i fo^ 
phenotype. 

In vitro Induction ofT Cell Differentiation - CD4^ cells wre purified fix)m spleen of wild 
15 type C57/BL6 mice using anti-CD4 magnetic beads (Miltenyi Biotech). Purified T cells (2 x 

10^ cells/ml) were activated for 3 days by plating on plates coated with 5 jig/ml anti-CD3 and 1 

g/ml anti-CD28 antibodies. The cultures were supplemented with IL-2 and treated with IL-12 

(20 mM) + anti-IL4 (0.5 |igM) (for Thl differentiation), or IL-23 (10 nM) (for IL-17 

production). Following initial activation, tiie cell cultures were washed ext^vly and re- 
20 stimulated with anti-CD3 (1 jig/ml) for another 24 h, following vAich the cell supranatants 

were analyzed for various secreted cytokines usii% ELISA.. 

IL^12p40 Antibody Inhibition ofUrl 7 Induction - Anti-IL-12 aritibody ^El&D Systems, 

cat no. AF-419-NA) or an unrelated control aiitibody (anti-FGF-8b (R&D Systems, cat no. 

AF-423-NA) were pre-incubated with IL-23 (100 ng^ml) or conditioned media of LPS- 
25 stimulated dendritic cells (10% v/v) for 1 h at 37 and then incubated for another 5-6 days 

with mononuclear cells isolated fix>m mouse spleen (2 x 10^ cells/ml). Supematants were 

collected and levels of IL-17 measured using ELISA. 

Purification of 11^23 - Murine IL-23 - IL-23 component was produced by co-expression 

of carboxyl-terminal His-tagged pl9 and FLAGOtagged p40 in human embryonic kidney cells 
30 (293 cells), and secreted protein was purified by nickel aflBnity resin. Endotoxin levels were 

undetectable at less than 0.2 radotoxin units per ^g. 
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Restdts 

First, the ability of various microbial products to stimulate the production of IL-17 was 
examined Increased II>17 has recendy been observed by lo&nte^Duarte et al., J Immunol 
165, 6107 (2000), in response to microbial lipopeptides from a Lyme disease causing 
5 spirochete, A burgdorferi Spleen ceD cultures in the presence of various microbial peptides 
including LPS (gram-negative bacteria), LTA (gram positive bacteria) or LBP (bacterial 
lipopeptide) resulted in the production of IL-17 (Figure 1). Neither purijSed T cells alone, nor 
purified macrophages themselves produced IL-17. Pmified T cells, upon leceptor cross-linking 
using plate-bound anti-Ci)3 and treatment with supematants from activated 

10 maax>phages/dendritic cells produced increased IL-17, indicating the presence of an 
unidentified fectDT(s) relea^ by these cells that acts on T cells to promote IL- 1 7 production. 

In profiling the expression of candidate molecules that might be responsible for this IL- 
17 promoting activity, a 100-1000 fold increased mRNA expression of the IL-23 (B. Oppmann 
et a/.. Immunity 13, 715 (2000)) components pl9 and p40 was observed in activated dendritic 

15 cells using real-time RT-PCR (not shown), hence, the effect of IL-23 was examined 

Murine IL-23 component was produced by co-expression of carboxyl tenninal His- 
tagged pl9 and Flag-tagged p40 in human embryonic kidney ceUs (293 ceUs) and secreted 
protean was purified by nickel aflHnity resin. Endotoxin levels were undetectable at less than 
0.2 EU per ^g. Spleen cell cultures were incubated in presaice of IL-2 (lOOU/ml) and ConA. 

20 (2.5 pg^ml) under Thl-indudng conditions (IL-12+ anti-IL-4), Th2-inducing conditions (JLr 
4+anti-IFN-7), or purified IL-23 (lOOng/ml) for 3-4 days, following which, the cultures were 
washed and re-stimulated wifli ConA for another 24 hours. Levels of various qlokines were 
measured usmg ELISA. The levels less than the lowest dilution of the standard curve range of 
EUSA kit were recorded as 'not detectable (N.D.)\ The results below are representative of 

25 three experimmts performed indqpendently. 

Spleen cells, cultured under IL-12-stimulated TW-inducing conditions resulted in 
margmal IL-17 production, whereas under Th2-inducing conditions there was no increased 
production of IL-17 over controls. The results are shown in the following Table 1. 
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Table 1 





Control 


IL-12 


IL-4 


IL-23 


11^17 


N.D 


58±82 


64±91 


1191±569 


IL-4 


50±26 


396=tl7 


3259±118 


lOlilOO 


IFN-y 


341±0 


2757±1016 


48^502 


580±813 


GM-CSF 


N.D. 


46=fcl3 


365±516 


882±169 


TNF-a 


N.D 


174±40 


214±314 


205±85 



Presence of IL-23 in cultures resulted in high level IL-17 production, in a dose- 
5 depmdent manner (Figure 2), IL-23 also resulted in higher levels of GM-CSF than observed 
under Thl-inducing conditions. In contrast, IFN-y levels were significantly lower than those 
obtained und^ Thl-inducing conditions. TNF-a levels were sunilar to Thl conditions. DL- 
12p40 alone did not result in any IL-17 production (data not shown). IL-23 promoted elevated 
levels of IL-17 mKNA (Fig. 2B). IL-17 mRNA levels were increased several hundied-fold 
10 wifliin 6 h of IL-23 exposure and remained elevated in the continued presence of IL-23. This 
effect was no inhibited by the presence of an antibody against IL-17, suggesting that the IL-17 
itself was not contributing to this process (not shown). In addition, mRNA for IL-17F, a 
recently identified IL-1 7 femily member, was also found to be upregulated in response to IL-23 
(Fig.2C). 

15 IL-23 has been reported to promote the proliferation of memory but not naive T cells 

(D.M. Fmcht, supra. Therefore, tibie effect of IL-23 on IL-17 production from naive versus 
memory T cell populations was examined. Purified CD4^ T cells were isolated fiom 
splenocytes by fluorescence activated cell sortmg (FACS). The memory ceU population was 
selected as CD4^CD44^^^ (R. C. Budd et ah, J Immunol 138, 3120 (1987)), or CD4'^CD62L'°^ 

20 (T. M. Jung, W. M. Gallatin, L L. Weissman, M. O. Dailey, J Immunol 141, 41 10 (1988)), and 
naive cell population was selected as CD4^CD44^**'^ or CD4^CD62L'''^. As seen m Figure 3, 
IL-23 stimulated IL-17 production only m memory cell population (CD44^'^ and CD62L'^^ 
and not in naive cells (CD44"°'* or CD62L^^. 

The IL-23-mediated IL-17 production was completely blocked in the presence of a 

25 neutralizing IL-12 antibody that mteracts with the p40 subunit shared with IL-23 (Figure 4A, 
left panel). This effect was not due to ligation of Fc receptors on antigen presenting cells as 
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therein no chaiige in 11^17 production in the This antibody 

also inhibited >50 percent the induction of TLrll production observed in response to 
conditioned media Scorn LPS stimulated dendritic cells figure 4A, right panel). A marked 
reduction, but not abrogation, of IL-17 production was seen in resfponse to ConA stimulation 
5 fiom splem cell cultures of mice lacking IL-12p40 component (strain: B6.129Sl-IL12b*"""°) 
as compared to wild type mice or mice lacking IL-12p35 component (strain: B6.129S1- 
jLi2a^iJ«») (Figure 4B). 

In order to exanoine the role of IL-12 in IL-17 production, increasing amounts (0.001-1 
nM) of murine IL-12 were added to IL-23 (InM) containing cultures. As seen in Figure 5A, IL- 

10 12 decreased IL-17 levels in a dose dependent manner. 

Additionally, splenocytes from mice lacking IL-12 receptor beta chain 2 (IL-12Rp2) 
(Wu et al, J Immunol 165, 6221 (2000)), the specific receptor component of IL-12 (A. O, 
Chua, V. L. Wilkinson, D. H. Presky, U. Gubler, J Immunol 155, 4286 (1995)), were treated 
with purified IL-23. Splenocytes from IL^12Rp2'^" mice responded to IL-23 stimulus by 

15 increasing IL-17 production over the un-stimulated control (Figure SB) witiiout affecting IFN-y 
levels. Surprisingly, the background levels of IL-17 in tiiese mice were more than 10-fold as 
compared to wild-type mice, suggesting a possible negative regulation by IL-12 of IL^23- 
induced IL-17 production. However, m contrast to IL-12RP2 knockout mice, we did not 
observe increased IL-17 in spleen cultures fix>m IL-12p35 knockout mice. The reasons for this 

20 difference are not known, but could relate to alteration in IIr-12p40 fimction in the absence of 
p35, or differences in genetic background or pathogen exposure. 
Discussion 

Taken toother, tiiese data suggest a role for IL-23 in the promotion of a distinct T cell 
activation state tiiat expresses IL-17 as an effector cytokine. The Thl and Th2 paradigms have 

25 been described as promoting cell mediated versus humoral immime responses. These 
responses provide important defense for intracellular and extracellular pathogens respectively, 
and defects in either of tiiese responses are associated with increased susceptibility to specific 
pathogens. In contrast, IL-23 may serve to promote an adaptive innnune response to pafhogejos 
that is characterized by a heavy reliance on cells thoi^t to fimction primarily as mediators of 

30 the innate immune response. IL-17, as a principle effector cytokine of this response, is able to 
promote the more r^id recruitment of monocytes and neutrophils through induced chemokine 
production. In addition, the high level GM-CSF production observed in response to IL-23 
supports the production of additional myeloid cells. This is fiirther augmented by G-CSF 
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production from local IL-17-stimiilated stromal cells. The character of this ad^tive response 
is, however, not an exclusive reliance on phagocytic cells of the myeloid lineage response as 
IL-17 is known to promote the induction of ICAM by IL-17 thereby providing important co- 
stunulation of fcirther T cells responses. 
5 Recently, several studies have pomted out significant differences between mice 

deficient in p35 and mice deficient in p40 (Dedcen et cd.. Infect Immtm. 66:4994-5000 (2002); 
Cooper et al., J, Immunol 168:1322-1327 (2002); Elkins et al.. Infection & Immunity 70:1936- 
1948; Holscher etoL, J. Immunol 167:6957-6966 (2001)). These studies share the observation 
that loss of p40 is generally more deleterious than loss of p35 in the immune-mediated 
10 cleaianceof a variety of model organisms. 

The association of IL-17 expression with a number of serious inflammatory diseases 
suggests that IL-23 antagonists may be promising drug candidates in the treatment of such 
diseases. 

Example 2 

15 Tnterleii1dn- 93 Deficient Mice 

To further investigate the relationship between IL-23 and IL-17 in vrvo, the pheno^^ 
of IL-23 deficient mice was compared to that of EL-l 7 deficient animals. 
Experimental Procedures 

Mice: All mice were housed imder specific pathogen fi-ee conditions. IL-12p40^' mice 
20 were obtained fix)m tiie Jackson laboratory (Bar Harbor, MA), and C57BL/6 were obtained 
fix)m Charles River laboratories (San Diego, CA). 

Reagents: Unless otherwise indicated, reagents were purchased fi-om the following 
supplies: Antibodies and ELISA- reacts were obtained fix)m BD Pharmmgen (San Diego, 
CA), cytokmes firom R&D systems (Miimeapolis, MN), TNP-coupled antigens fiom Biosearch 
25 Technologies (Nfovato, CA) and tissue culture reagents firom Invitrogen (Carlsbad, CA). 

Generation of IL23pl9 deficient mice. Genomic DNA encompassing the murine 
IL23pl9 locus was isolated firom clone 198a3 of a genomic BAC library by Genome Systems 
(Incyte Genomics, Palo Alto, CA). A targeting vector designed to replace tiie entke IL23pl9 
coding region with an EGFP reporter gene was constructed bom fbe following DNA fiagments 
30 using standard molecular cloning techniques: a thymidine kinase selection cassette; a 5' 
homology arm of 5403 base pairs defimed by endogenous SacII and Bgin sites on the distal and 
proximal ends, respectively; an EGFP expression cassette excised firom pEGFP4 (BD 
Clontech, Palo Alto, CA) using BamHI (5'-end) and Aflm (3'-end); a PGK-neo resistance 
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cassette; and a 1 203 bp short ann defined by an endogenous Xhol site at Ae proximal end and 
the primer 5'-GCTTGGTGGCCCACCTATGAT"3' (SEQ ID NO: 1) at the distal end (Figure 
6A). This construct was electroporated into 129/SvEv mbryonic stem (ES) cells (Huang et 
al.. Science 259:1742 (1993)) and homologous recombination occurred in 9 out of 600 clones 
5 following selection with G418 and Gancyclovir. To verify correct targeting of the locus, 
genomic DNA &om ES cells and animals was analyzed by southam blot Digestion with 
BamHI followed by hybridization of membranes with probe 1 (a 831 bp genomic DNA 
fiagmrait obtamed by PGR with oUgos 5'-AGACCCTGAAAGTTCATGAC-3' (sense) (SEQ 
ID NO: 2) and 5'-CTGACGGCGCTTTCTGTACC-3' (antisense) (SEQ ID NO: 3)) yielded a 

10 7027 bp fragment for the wild-type allele and an 1 1788 bp jfragment for the correctly targeted 
mutent allele. Similarly, digestion of genomic DNA with EcoRI followed by hybridization of 
membranes widi probe 2 (a 390 bp genomic DNA fragment obtained by PGR with oligos 5'- 
TTTTGGGAGTGGGATAGAGG-3' (sense) (SEQ ID NO: 4) and 5'- 
AAGTGGTGGGGCTGTTAGAG-3' (antisense) (SEQ ID NO: 5)) yielded a 9197 bp fragment 

15 for the wild-type allele and an 621 1 bp fragment for the correctly targeted mutant allele. Two 
ES cell clones (lc5 and 3h6) were injected into blastocysts, and chimeric animals that 
transmitted the mutant allele in their germline were obtained. For routine genotyping, we used 
a PGR-based method with a common antisense primer (5'- GGCTGGGGTGAGTTTTTGTQ- 
3') (SEQ ID NO: 6), and wHd-type specific (5'- GGGTGAAGGGGAAGGAGAGG-30 (SEQ 

20 ID NO: 7) and knockout-spedfic (5'- AGGGGGAGGATTGGGAAGAG-3* (SEQ ID NO: 8)) 
sense primers. This primer-triplet amplifies a 210 bp fragment for the wild-type allele and a 
289 bp fragment for the mutant allele. PGR was carried out in a Robocycler (Stratagene, La 
JoUa, GA), using the followmg conditions: 1 cycle of 94**G, 60'*; 35 cycles of 94*^0, 30", 58**G, 
30% 7TCy 60r; 1 cycle of 72^, 7" 

25 FACS amfysis of blood cell subsets: Spleens, thymi, and lymph nodes were isolated 

from 6-8 week old mice, and single cell suspensions were prepared by standard methods. 
Peripheial blood was obtained by cardiac puncture and treated with EDTA to prevent 
coagulaticm, and aythrocytes were lysed using AGK lysmg buffer (Biosource, Gamarillo, GA). 
All cells were incubated for 30 minutes on ice in Hanks balanced salt solution (HBSS) 

30 siqjplementedwiA 2% heat inactivated bovine calf serum. Gells were then stained ui the same 
buffer with 1 |ig per million cells of various antibodies coi^led to phycoerythrin, biotin or 
Cychrome™. Where biotinylated antibodies were used, streptavidin-coupled PE-TR conjugate 
(Galtag, Burlingame, GA) was used for detection. After two washes with the same buffer. 
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fluorescence was detected using an Epics-XL flow cytometry system (Beckman Coulter Inc., 
FuUerton, CA). 

Stimulation of allotypic T-cells: CD4 and CD62L double positive T-cells w^ isolated 
ftom the spleras of 6-8 week old balb/c mice by a two-step isolation protocol. First, T-cells 
5 were depleted of other cell types by a negative magnetic selection (Miltenyi, Auburn, CA). 
These cells were then labeled with antibodies against CD4 and CD62L and sorted by FACS on 
a MoFlo sorter (DakoCytomation, Fort Collins, CO). Dendritic cells from wild type or IL- 
23pl9"^- mice, bolh in 11^ CS7BL/6 badcground, Avere also isolated by a two-step protocol. 
CDl Ic positive ^lenm^rtes were positive selected by magnetic separation (Nfiltenyi, Auburn, 

10 CA) prior to labeling wifli antibodies against CDl Ic, MHC class U, and CD8. CDl Ic* / MHC- 
iT/CDg- cells were then sorted by FACS, again using a MoFlo sorter. All populations used in 
the e3q)OTment were at least 98% pure. To elicit allostimulatory responses, 10"* dendritic cells 
and 10^ T-cells were incubated in a total of 200 yl of IMDM siqpplemented with penicillin- 
streptomycin and 10% heat inactivated bovine calf serum (Hyclone, Logan, UT) in duplicates. 

15 In some cases, 100 ng/ml bacterial lipopeptides was added to stunulate cytokine production by 
dendritic cells. After 5 days of incubation, 120 ^il of supernatant were removed for cytokine 
measurement by ELISA, and replaced with fredi medium containing 1 \iCi ^H-thymidine per 
well. Thymidine incorporation was determined 16 hours later using a Top Count liquid 
scintillation counter according to the manufacturers instructions (Packard Instruments, 

20 Meriden, CT). 

In vivo T-cell differentiation: Four male and four female mice per group were 
immuniz ed into the left hind footpad witfi 75 jig of keyhole limpet hemocyanin OKXH) (Sigma, 
St Louis, MO), in 30jil of a 1:1 emulsion of CFA (BD Biosciences, San Diego, CA) and PBS. 
Draining inguinal and popliteal lymph nodes were harvested 5 days later and restimulated in 

25 IMDM supplmiented witti penicillin-streptomycin, 10% heat inactivated bovme calf serum 
(Hyclone, Logan, UT), and 25 jig/ml KLH. For proliferation assay, 5*10^ cells were seeded in 
200 jil m triplicates in 96 weD plates and allowed to proliferate for 1 1 2 hours with addition of 1 
^iCi ^H-ttiymidine per weU during the last 18 hours of the incubation period. Thymidine 
incorporation was determined using a Top Count liquid scintillation counter according to the 

30 manufecturers instructions (Packard Instruments, Meriden, CT). For cytokine seca^tion, 
2.5*10^ cells were incubated in 1 ml in 48 well plates, and siq)ematants were harvested after 72 
hours. Cytokine secretion was determined by ELISA. The data presented is one representative 
out of three total experiments. 
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Delayed type hypersensitivity responses: 6 mice per groiq) were subcutaneously 
injected with 200 fig of methylated bovine serum albumin (mBSA) (Sigma» St Louis, MO) at 
three sites in die abdomen in a combined total of 200^1 of a 1:1 emulsion of CFA (BD 
BiosciaK:es, San Di^, CA) and PBS. On day 8 following immunization, the mice were 
5 challenged by injection of 20 ^l of 5 mg/ml mBSA in PBS into one rear footpad, vMiG tbe 
other rear foo^)ad received 20 ^1 of PBS. Measurements of foo^ad swelling were taken at 18, 
42, 66 hours after challenge, using a series 7 sprmg-loaded caliper (Mitutoyo, City of Industry, 
CA). The magnitude of the DTH responses was determined from differences in footpad 
thickness between the antigen-and PBS-injected footpads. 

10 Tniependenthumor'al responses and inmtunoglobtdinanc^ For the measurement of 

total immunoglobulin levels, serum was obtained from 8 male and 8 female, 6-9 week old, 
uninununized mice of either genotype. Total immunoglobulin isotype levels were measured by 
Luminex bead assay (Upstate, Lake Pladd, NY). To assess the OVA specific humoral immune 
response, groins of 7 mice per genotype (4 males and 3 females) were immunized with OVA 

15 in CFA on day 0 and received booster immunizations of the same antigen in incomplete 
Freund*s adjuvant (IFA) (Sigma, St Louis, MO) on days 21 and 42, For serum analysis, blood 
was obtained by retro-orbital bleeding before immunization and on days 14, 28, and 49 after 
immunization. OVA specific immunoglobtilin isotypes were detected by ELISA, using OVA 
as a capture agent and isotype specific secondary antibodies for detection. In order to be in the 

20 linear range of the ELISA, serum samples were diluted as follows: 1:3125000 for IgGl, 
1:25000 for IgG2a, 1:625000 for IgG2b, and 1:1000 for Ig03, IgM, IgA and IgE. A dilution 
secies of a serum obtained £rom an OVA-immunized mouse from a previous experiment was 
used as a standard, since purified, OVA specific isotypes are not commercially available. 
Results are expressed as arbitrary units, v^ere the average of the wild-type group in the last 

25 bleed was set as 100. To assess the contribution of memory T-cells to the humoral response, 
groups of 5-6 mice of either genotype were immunized wifli OVA m CFA on day 0 and 
received a booster immunization of TNPn-OVA in IFA on day 21. For serum analysis, blood 
was obtained by retro-orbital bleeding before immunization and on days 14 and 28 after 
immunization. TNP iq)ecific immunoglobulin isotypes were detected by EUSA, using TNP28- 

30 BSA as a c^ture agent and isotype specific secondary antibodies for detectioiL For TNP- 
specific IgGl, a commercially available standard was used For TNP-specific IgG2a, a dilution 
series of a serum obtained firom a TNP immunized mouse from a previous experiment was 
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used, and results were calculated as desc^bed above. The sample dilutions were 1:31250 for 
IgGl and 1:1250 for IgG2a. 

T-indepefident humored responses: Groups of 6 mice per genotype were immunized 
intr^)eritoneally with SOyig TNPi-LPS or lOOjig TNP2<rAECM-Ficoll in PBS. Serum was 
5 harvested 10 days later, and TNP-specific IgM was analyzed by ELISA, using TNPzg-BSA as a 
osptasQ agqnt and an IgM spedfip secondary antibody for detection. A TNP specific IgM 
antibody was used as a standard for the EUSAi The sample dilutions were 1:1280 for Ficoll 
and 1:5120 for LPS. 
Results 

10 Deletion of the IL-23pl9 gene. To determine the non-redundant in vivo effects of IL- 

23, mice were generated that are deficient in IL-23 but competent to produce IL12. A 
targeting vector was constructed in which the entire coding region of pl9, consisting of 4 
exons, is replaced by an enhanced GFP (eGFP) reporter gene, and a neomycin resistance 
cassette (Figure 6). Germline transmission was obtained from two corrcctiy targeted ES cell 

15 clones, lc5 and 3h6, and tiie mutation was backcrossed into the C57BL/6 backgroimd using 
speed congenics with 3 markers per chromosome. Based on this analysis, only those mice 
were selected in which the genetic contamination from the 129 background was less than 5% 
for experiments. Thepattemof eGFP ocpression was comparable to that of endogenous pi 9 
mRNA (data not shown). 

20 Jl^23pl9^' mice have no overt phenotype. As expected from the phenotype of IL- 

TS/Krll double deficient IL-12p40"'' mice, IL-23pl9^' animals did not display any ovot 
phenotype and were bom at mendelian fi:equencies. No abnormalities in organs were found 
upon histopathological examination, and fintfaer analysis of clinical chemistry and hematology 
parameters did not reveal diffearences between wild type and knockout animals. Furthermore, 

25 ILp-23pl9'^~ mice were normal m size and weight, and both sexes were fully fertile. Flow 

cytometric analysis of thymocytes, splenocytes, and periphi^ blood leukocytes with various 
cell sur&ce noiaikers did not indicate any major differences between wild-type and IL23pl9'^* 
animals (Table 2). Because IL-23 is known to act on memory T-cells, we tiie ratio of memory 
(CD44^ CD62L') versus naive (aD62L"^ cells of each subset was determined, but no 

30 difference was found between wild-type and IL-23pl9*^" mice. In the mtire analysis, the only 
noticeable difference between the two genotypes consists in a sli^t skewing of the dendritic 
ceD subpopulations towards a CD8^ phenotype. While the effect was minor, it reached 
statistical significance due to tiie tightness of the data, and could be compatible with recent 
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observations tbat IIy-23 has effects on antigen presenting cells. In smnmary , IL-23 does not 
^pear to be required for normal development, and the introduction of an eGFP cassette does 
not have a toxic effect on any cell type tested. 

TABLE 2 



Thymus 



wild-type 



knockout 



P (diff.) 



CD4+ 


5.7 


+/- 


0.5 


5.5 


+/- 


0.0 


0.504 


CD8+ 


3.3 


+/- 


0.1 


3.1 


+/- 


0.3 


0.397 




25.0 


+A 




17.0 


+/- 




0.202. 


DP 


65.9 


+/- 


3.7 


74.3 


+/- 


8.0 


0.174 


Spleen 


















wild-type 




knockout 




P (diff.) 


CD4+ 


24.3 


+/. 


0.8 


22.5 


+/. 


2.7 


0.342 


70 naive 


69.0 


+A 


1.3 


67.5 


+A 


2.1 


0.090 




29.1 


+/- 


l.£ 


31.0 


+/- 


1.9 


0.029 


CD8+ 


15.2 


+/- 


1.2 


12.3 




2.0 


0.101 


%na1Ve 


64.1 


+/- 


5.4 


67.0 




2.8 


0.199 


% memory 


18.1 


+/. 


1^8 


18.3 




1.4 


0.084 


l-A(b)+/CD11c+ 


2.U 


+/- 


0.2 


2.2 


+/- 


0.2 


0.041 


%CD8-i- 


12.8 


+/- 


0.9 


16.3 


+/- 


1.7 


0.000 


%CD8- 


87.2 


+/- 


0.9 


83.6 




1.8 


0.000 


CD19+ 


52.4 


+/- 


2.0 


55.2 


+/- 


6.5 


0.512 


B220+ 


52.0 


+/- 


2.0 


55.5 


+/- 


5.3 


0.360 


NK1.1 + 


3.2 


+/- 


0.1 


2.8 


+/- 


0.1 


0.055 


Peripheral blood 


















wild-type 




knockout 




P (diff.) 


CD3+ 


47.9 


+/- 


2.6 


44.9 


+/- 


3.6 


0.053 


CD4+ 


28.2 


+/- 


2.3 


26.9 


+/- 


2.5 


0.270 


CD8+ 


16.5 


+/- 


0.8 


15.6 




1.7 


0.150 


CD19+ 


43.2 


+/- 


3.2 


45.2 


+/- 


3.6 


0.215 


B220+ 


44.9 


+/- 


3.5 


46.4 


+/. 


4.8 


0.466 


DX5+ 


9.9 


+/- 


3.0 


• 9.7 


+/. 


5.0 


. 0.929 


CD16+ 


8.0 


+A 


0.9 


8.6 


+/- 


1.5 


. 0.302 


l-A{b)+ 


44.0. +/; 


1.9 


45.4 


+/- 


4.9 


0.428 



Humoral immune responses in IL'23pl9^' mice. To determine ttie role of IL-23 in the 
generation of a humoral immune response, jSrst total unmunoglobulin levels of all isotypes 
were measured in serum of 16 mice of either genotype. There was no statistically significant 
difGarence between wild type and IL-23pl9"'" mice (Figure 7), mdicating that the IL-23 is not. 
critically required for the maintenance of normal immunoglobulin levels. Next, we tested 
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^^ether IL-23 is involved in the generation of a T-dependent humoral response against a 
protein antigen delivca^d in adjuvant To this end, groups of 7 mice were immunized, each 
with Ovalbumin (OVA), and assessed OVA-specific immunoglobulin isbtypes in preserum (all 
n^ative, data not shown), and after each of two consecutive iimnunizations (Figure 8), After 
5 primary immunization, none of the groups differed fiom each other significantiy for OVA 
specific IgGl, IgG2b, IgG3, and IgE. However, significantiy reduced levels of OVA specific 
IgG2a and IgA in II^23pl9^" and IL-12p40^' animals were obsenr^ 
immunization. . As expected, the levels of all isotypes were increased dramatically after the 
second immunization. At tiiis point, bofli IL-23pl9''" and IL-12p40'^' mice displayed marked 

10 reduction ofall isotypes tested The difference between tiiese two genotypes was generally not 
significant, mdicating that endogenous IL-12 does not play a major role in the humoral 
response in the absence of IL-23. 

Because humoral immune responses dqpend of the proper function of both B and T 
cells, we next sought to determine by what mechanism lL-23 exerts its stimulatory effects. To 

15 test whether B-cell function is directiy affected by the lack of IL-23, we tested the ability of IL- 
23 deficient mice to mount B-cell responses against T-independent (TI) antigens. The TI-1 
antigen trinitrophenyl- (TNP-) LPS leads to B-cell activation via CD14 and TLR4, vMLo the 
TI-2 antigen TNP-Ficoll activates B-cells tiarough clustering of surface B-cell receptors. BL- 
23pl9''' mice mounted normal B-cell responses to both types of antigens (Figure 9), indicating 

20 that IL-23 does not play a role in T-indqpendent B-cell responses. Furthermore, B-cells fiom 
IL-23pl9'^" mice proliferated normally in vitro in response to LPS, anti-IgM, and anti-C]>K) 
and underwent normal isotype switching in response to IL-4 (not shown). IL-23 stimulation of 
B-cells did not lead to increased proliferation or isiotype switching (not shown), and thus we 
conclude that IL^23 does not directiy affect B-cell function. 

25 Because the humoral immune response was mainly compromised at tiie stage of the 

secondary immunization, and because B-cell function appeared normal m IL-23pl9"^' nuce, we 
hypothesized that ineflSdent re-activation of antigen specific helper T-cells might cause the 
phenotype. Toaddresstiiisquestionmoredirectiy, we iinmunized groups of 5-6 mice with 
OVA on day 0, followed by a secondary immunization with TNP conjugated OVA on day 14. 

30 By using this immunization regimen, memory T-cells specific for OVA are re-activated by the 
secondary immun iza ti on, but a novel set of B-cells with spedfidty for TNP is activated at the 
secondary time point only. Therefore, the OVA specific memory B-cell subset does not 
contribute to die formation of TNP-specific immunoglobulins. Seven days after the booster. 
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we tested for TNP spedJSc IgG 1 and IgG2a in the serum, and found both isotypes to be 
significantly reduced in IL-23pl9''" mice (Figures lOA, B). This result further underlines the 
importance of IL-23 in T-dependent B-cell responses. 

Delayed type h)persensUivity(DTH)^ Tofiirther 
5 mvesti^ the function of memory CD4'*^ cells in IL-23pl9"'" mice, the ability of these animals 
to mount DTH responses was evaluated. DTH responses are strongly T-cell dependent and 
were reported to be defective in IL- 1 2p40'^* mice, but appear to be noimal in mice lacking IL- 
12p35, suggesting that they might be mediated by IL-23. To address this question, we 
sensitized groups of 6 wild-type, IL-23pl9'^, and IL-12p40"^' animals each with methylated 

10 BSA (mBSA) in complete Freund's adjuvant (CFA) and elicited DTH responses 7 days later by 
injection of mBSA into footpads. To control for nonspecific swelling, we also challenged a 
group of wild-type mice tiiat had not been sensitized. Specific footpad swelling was measured 
. 1 8, 42, and 66 hours after Ihe challenge and found to be inhibited to a similar degree in both 
IL-12p40'^' and IL-23pl9"'" mice compared to wild-type mice (Figure 1 1). The kinetics was 

15 also similar, with both IL-12p40''" and E^23pl9"^" mice showing strongly reduced swelling at 
the 42 and 66 but not at the 18 hour time point Therefore, IL-23 is a principal mediator of 
DTH respoiises, and lack of IL-23 leads to inefficient responses by memory CD4^ T-cells. 

Cqpaciiy of IL-23pl9^' dendritic cells to stimulate T-cells. To rule out the possibility 
that the defects observed in IL-23pl9'^' mice are due to inefficient T-cell p riming by ILr23 

20 deficient antigen presentmg cells, we next investigated the potential of IL-23pl9''' DC to 

stimulate allotypic naive CD4^ T-cells isolated firom the spleens of hdlb/c mice. Li the absence 
of DC, these T-cells did not proliferate nor secrete ^reciable amounts of c^kines (Figure 
12A). Addition of DC of either genotype resulted in robust proliferation and production of IL- 
2 in both graotypes. Since we have shown previously that ILr23 is a potent inducer of IL-17, 

25 we next induced IL-23 production by DC usmg bacterial lipopeptides, a potent Toll-like 
receptor- (TLR-) 2 agonist and mducer of IL-23 productiorL Under these conditions, wt DC 
potentiy mduced IL-17 production by the T-cells (Figure 1 2A, bottom panel), \)^*ile T-cells 
stimulated with IL-23pl9''"IX:; produced significantly less n;^ To confirm these 
observations in a more physiological setting, we next elicited T-cell responses in vivo by 

30 immimiring groups of 8 mice witii Keyhole^hmpet hemocyanin (KLH) m complete Freund's 
adjuvant (CFA). Draining lymph node cells (LNC) were harvested 5 days later and re- 
stimulated with KLH in vitro. Again, we observed that LNC harvested fi-om IL-23pl9'^' mice 
produced significantly less IL-17 (Figure 12B, bottom panel). LNC proliferation was 
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co]]]|>aiable in both genotypes (Figure 12B, top panel), indicating that both wt and IL-23pl9'^'' 
mice mounted robust T-cell responses against the antigen. Thus, IL-23 deficiency does not 
grossly impair the stimulatory potential of dendritic cells, but results in attaoiuated IL-17 
production by T-cellSi. 
Discussion 

Using ILr23pl9 deficient mice, the non-redundant in vivo fimctions of IL-23 were 
assessed, and found that IL-23 deficiency results in compromised T-cell dependent inmiune 
responses^ such as humoral immune responses and DTH reactions. 

Profoundly reduced humoral immune responses were observed in IL-23pl9^" mice, 
affecting all immunoglobulin isolypes. In parallel, responses of IL-12p40"^' mice were 
inhibited to a similar or slightly higher degree. Our results support the conclusion that IL-23 is 
absolutely required for an efl5cient hxmioral response, while it remains to be determined, 
through the use of IL-12p35"'" mice, whether BL-23 is sufiScient for normal humoral responses 
in the absence of IL-12. 

In summary, IL23pl9^" mice have attenuated in vivo T-cell responses manifesting in 
reduced DTH and humoral inunune responses, and phenotypically resemble IL-1 7 deficient 
mice. Chir results indicate that clinical administration of IL-23 or its agonists might be 
beneficial to siq>port T-cell fimction in immunization regimens and in immunocompromised 
patients. 

While the present invention has been described witii reference to what are considered to 
be the specific embodiments, it is to be understood that the invention is not limited to such 
embodimoits. To the contrary, the invention is intended to cover various modifications and 
equivalents included within the spirit and scope of the appended clainois. 
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WHAT IS CLAIMED IS: 

1 . A method for inhibiting intexleukin- 1 7 (DL- 1 7) production by T cells comprising 
treating said T cells with an antagonist of iQterleiikin-23 (IL-23). 

2. The method of claim 1 wherein said T cells are activated T cells. 
3. . The method of claim 1 wherein said T cells are memoiy cells. 

4. The method of claim 1 \^erein said treatment is performed in vivo. 

5. The method of claim 1 wfaeidbi said treatment is p^ormed in a mammalian 
subject 

6. The method of claim S wherein said TnaTninalifln subject is human. 

7. Ihe method of claim 6 wherein said antagonist is an anti-IL-23 or an anti-IL-23 
receptor antibody. 

8. The method of claim 7 ^^lerein said antibody is an antibody fragment 

9. The method of claim 8 wherein said antibody fiagment is selected from the 
group consisting of Fy, Fab, Fab', and F(ab% 

10. The method of claim 7 wherein said antibody is a fiill-length antibody. 

1 1 . The method of claim 7 wherein said antibody is chimeric. 

12. The method of claim 7 wherein said antibody is humanized, 

13. Themetfaodof claim 7 wherein said antibody is human. 
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1 14. A method for the treatment of an inflammatory disease characterized by 

2 elevated esqpression of interleukin 1 7 (IL-1 7) in a mammalian subject, comprising 

3 administering to said subject an effective amount of an antagonist of interleuIdn-23 QL-TS), 

1 15. The method of claim 14 wherein said mammalian subject is human. 

1 16. Themetfaodof claim IS ¥^erein said iiiflamntiatorydisea^ 

2 chronic inflammation, autoimmune diabetes, ifaeumatoid arthritis (RA), rheumatoid spondylitis, 

3 gouty arthritis and other arthritic conditions, multiple sclerosis (MS), asthma, systhemic lupus 

4 eryfhrematosus, adult respiratory distress syndrome, Behcet's disease, psoriasis, chronic 

5 puhnonary inflammatory disease, graft versus host reaction, Crohn's Disease, ulcerative colitis, 

6 inflammatory bowel disease (IBD), Alzheimer's disease, and pyresis. 

1 17. The method of claim 16 wherein said inflammatory disease is a chronic 

2 inflarnmatory disease. 

1 18. The method of claim 17 wherein said chronic inflammatory disease is selected 

2 jfrom tiie group consisting of rheumatoid arthritis (RA), graft versus host reaction, multiple 

3 sclerosis (MS), and psoriasis. 

1 19. ThemethodofclaimlSwh^einsddantagoriistisananti-IL-23orananti-II^ 

2 23 receptor antibod)r. 

1 20; The method of claim 19 wherein said antibody is an antibody fragment 

1 21. The metiiodofclaim 20 wherein said antibody fragment is selected £^ 

2 group consisting of Fv, Fab, Fab', and V(db% 

1 22. The method of claim 19 wherein said antibody is a fiill-length antibody. 

1 23. The method of claim 19 herein said antibody is chimeric. 



1 



24. The method of claim 19 wherein said antibody is humanized. 
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1 25. The method of ckim 19 ^^iierein said antibody is human. 

1 26. The method of claim 15 i^ereia said antagonist is administeied m combination 

2 wifli an additional therapeutic agent 

1 27. The method of claim 26 wherein said additional fhei^utic agent is an anti- 

2 inflammatory molecule. 

1 28. The method of claim 27 wherein said anti<-2nflammatory molecule is selected 

2 • from the group consisting of corticosteroids and non-steroidal anti-inflammatory drugs 

3 (NSAIDs). 

1 29. A method for identifying an anti-inflammatory agent comprising the steps of: 

2 (bl) incubating a culture oft cells with IL-23, in the presence and absence of a 

3 candidate molecule; 

4 (b) monitoring the level of 11^17 in said culture; and 

5 (c) idaitifying said candidate molecule as an anti-inflammatory agent if the level of 

6 IL-17 is lower in the presence than in the absence of said candidate molecule. 

1 30. The me&od of claim 29 wherein said candiclate molecule is a non-peptide small 

2 organic molecule. 



34. The method of claim 29 wherein said T cells are activated T cells. 



35. 



The method of claim 29 herein said T cells are memory cells. 



wo 2004/042009 PCT/US2003/034429 



39 

1 36. The method ofclaim 29 herein the level of 11^17 is monitored b 

1 37. An anti-inflammatory agent identified by the method of claim 29. 

1 38. A mediod for inducing IL-17 production in a mammalian subject cx)mprising 

2 administering to said subject an IL*23 agonist 

1 39. The method of claim 38 herein said manomalian subject is humaiL 

1 40. Themethodof claim 39 wherein the huinan subject has been exposed to 

2 bact^ial infection. 

1 41 . The method of claim 40 M^ierein the human subject has been e^q>osed to 

2 infection hy Mycobacterium tuberculosis, 

1 , 42. The method of claim 39 wherein said IL-23 agonist is an antibody. 
1 

1 43. The method of claim 42 wherein said antibody is an anti-IL-23 or anti-IL-^ 

2 receptor antibody. 

1 44. The method of claim 43 wherein said antibody is an antibody fragment 

1 45. The method ofclaim 44 ^^erein said antibody fiagment is select^ 

2 Bmsp consisting of Fv, Fab, Fab' and F(Bb% 

1 46. The method of claim 43 wherein said antibody is a full-l^ogth antibody. 

1 47. The method of claim 43 wh^ein said antibody is chimeric. 

1 48. The method of claim 43 wh^in said antibody is humanized. 

1 49. The method of claim 43 wherein said antibody is human. 
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SEQUENCE LISTING 

<1I0> Gurney, Austin 

<120> INHIBITION OF IL-17 PRODUCTION 



<130> 39766/0125 

<140> unicnown 
<141> 2003-10-30 

<150> 60/423,090 
<151> 2002-10-30 

<160> 8 

<170> FastSEQ for Windows version 4-0 

<210> 1 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<400> 1 

gcttggtggc ccacctatga t 

<210> 2 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 2 

agaccctcaa agttcatgac 

<210> 3 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 3 

ctgacggcgc tttctctacc 

<210> 4 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 4 

ttttgccagt gggatacacc 

<210> 5 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 5 

aactgctggg gctgttacac 

<210> 6 
<211> 20 
<212> DNA 

<213> Artificial sequence 
<40Q> 6 

gcctgggctc actttttctg 
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<210> 7 
<211> 20 
<212> DNA 

<213> Artificial Sequence 

<400> 7 

gcgtgaaggg caaggacacc 20 

<210> 8 
<211> 20 
<212> DMA 

<213> Artificial Sequence 
<400> 8 

agggggagga ttgggaagac 20 



Page 2 



